A loss in smoothness of a switching process decreases the accuracy of an adiabatic invariant. Here we show that for classical Hamiltonian systems the degree of smoothness can be observed in the signal.
Introduction
A parameter dependent family of integrable dynamical systems can be perturbed by making the parameter time dependent. This perturbation normally destroys the integrability. If one changes the parameters very slowly, the adiabatic theorem tells us that the motion of the perturbed system stays for most of the initial data nearby the unperturbed motion. The parameters change on a time scale 1=". " ! 0 is the adiabatic limit and = "t the so called slow time.
One interesting situation arises when a parameter is switched on and o . Switching means that we have a time dependent parameter !( ) which is constant up to a time 0 = 0, then changes its value and nally remains constant again for 1. (See gure 1.) We want to examine the in uence of the smoothness of the switching on the dynamical behaviour of the system. First we have to distinguish di erent classes of smoothness:
Finite di erentiability: ! 2 C n (R), ! 6 2 C n+1 (R) for n 2 N. In nite di erentiability: ! 2 C 1 (R). Here it is possible to distinguish di erent classes by the growth of the derivatives of !. These classes are called Gevrey classes and are indexed by 2 1; 1). Section 2 discusses these classes in detail. This conjecture is also motivated by the known relation between J and the di erentiability (C n (R)) of the switching function. The aim of this paper is to support this conjecture by a numerical analysis in the simple case of the harmonic oscillator with a switching function chosen in a Gevrey class. The numerical analysis clearly indicates that there is a measurable e ect due to the change of smoothness of the switching function. Therefore it may be of importance for concrete physical experiments to control the smoothness of switching functions.
The perturbed harmonic oscillator
For our numerical analysis we consider the 1-dimensional harmonic oscillator with slowly varying frequency !, described by the Hamiltonian
where " ! 0 in the adiabatic limit. Using the standard canonical transformation generated by S = 1 2 !q 2 cot ' we transform E to action angle variables:
The motion is described by the solutions of the canonical equations
where the prime denotes the derivative with respect to .
Switching functions
The perturbation is switched on and o by using a 
Gevrey classes
Proof of Lemma 2. First we estimate the functions g n;k . Obviously g n;k tends to zero as x ! 0 or x ! 1. The maximum of g n;k is given by max x2R g n;k (x) = exp(? ) with = n(1 + 1 ) ? k. We get kg n;k k 1 n(1 + 1 )
In (6) we estimate each factor of the product by (n?k)( +1)+k ?1 n( +2).
The sum in (6) has n?1 k terms. So we get ja n;k j n?k n ? 1
with~ = maxf ; 1g. Using (8) and (9) we nally get for n 2 N 3 Numerical analysis
Time evolution of the action variable
To calculate the time evolution of the action variable J we have to solve the canonical equations (3) with the Hamilton function (2). This is done numerically by use of the Runge-Kutta algorithm with an error term of order 5. Since we consider C 1 -smooth perturbations and are interested in the behaviour of J for small values of ", we have to deal with very small di erences between J( ) and the initial value J 0 . So special care has to be taken in the numerical calculations not to compute di erences of large values (compared to the di erence itself).
A typical time evolution J( ) is shown in gure 3. J is oscillating with a nally decreasing amplitude. The interesting point is that the di erence J = 
Obviously max 2 0;1] jJ( ) ? J 0 j is of order O("), but at = 0 and = 1 all derivatives of ! vanish (since ! 2 C 1 and is constant outside 0; 1]), such that terms of order " and higher become zero.
"-dependence of J
Since we are interested in the "-dependence of J and in the dependence of J(") on the smoothness of the switching function, computations as shown in gure 3 have been done for a large number of " values and for many switching functions.
To present the well known situation of a switching function in C n (R), the numerical analysis has been done for! 2 C 
Conclusion
The derivation of the action J depends on the regularity of the switching function. This functional dependence is well understood for switching functions with only nitely many derivatives. For the case of switching functions in a Gevrey class a conjecture is formulated which is close to a result recently shown in the frame work of quantum mechanics.
In this article, conjecture (1) is veri ed numerically for a special model and switching functions in a Gevrey class with > 1. The case = 1, i.e. the case of analytic switching functions, can be treated analytically and is consistent with conjecture (1), too. For switching functions with parameter > 1:2 the best t value~ opt deviates from the prediction of the conjecture by less than 10%.
